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In the Caribbean Cinachyrella alloclada and C. apion are readily distinguished by their 
different spicule types and sizes, and by the presence of buds in the former. In contrast, in the 
SW Atlantic both species can reproduce by budding, and also have identical chemical 
profiles in lectins, fatty acids and steroids. Verification of whether C. alloclada and C. apion 
were different biological species or were morphotypes of a single polymorphic species on 
the Brazilian coast was undertaken using allozyme electrophoresis. Samples collected in the 
intertidal zone of Pituba beach, Salvador, Brazil, and studied independently by 
morphological and allozyme analyses, showed a high congruence between morphology and 
allozymes, and 11 (of 19) loci were diagnostic of each species. Cinachyrella apion has 
smooth oxeas of only one size class, protriaenes of two sizes, anatriacnes of one size, small 
sigmaspires and raphides. Cinachyrella alloclada has smooth oxeas of two or three size 
classes, protriaenes and anatriaenes with one size, and sigmaspires like those of C. apion. 
The unbiased genetic identity between the two species was very low (/=0.28), as often found 
for congeneric sponge species. The consistent morphological and genetic diffcrences 
between the two putative species confirm that, in spite of their high chemical similarity, they 
are distinct biological species. This indicates that, at least in these species, evolutionary rates 
for allozymes and secondary metabolites are clearly unrelated. Porifera, Demospongiae, 
Spirophorida, Cinachyrella, morphology, allozymes, molecular systematics, Brazil. 
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Cinachyrella apion (Uliczka, 1929) and C. 
alloclada (Uliczka, 1929) are common tetillid 
marine sponges found in the Caribbean and 
Brazilian coast (Mothes de Moraes, 1980; 
Rützler, 1987; Rützler & Smith, 1992). Because 
of their ubiquity and abundance, they have been 
the subject of many chemical and 
pharmacological studies (Atta et al., 1989; 
Barnathan et al., 1992a; Bergquist & Bedford, 
1978; Kaul et al., 1977; Portugal, 1992; 
Rodriguez ct al., 1997), Although the two species 
can be separated on the basis of reproductive and 
spicular characters in Caribbean populations 
(Riitzler & Smith, 1992), their differcnces are 
less obvious on the Brazilian coast (Peixinho, 
unpublished results). For example, reproductive 
buds, reported by Riitzler & Smith (1992) as 
occurring only in C. apion, are very common in 
both species in Brazil. Furthermore, samples of 
Cinachyrella from Brazil, identified on the basis 


of spiculation as C. apion or C. alloclada, had 
identical sterol (Rodrigucz et al., 1997), lectin 
(Portugal, 1992) and fatty acid patterns (Jiménez, 
unpublished results), as well as proteases with the 
same chromatographic and electrophoretic 
profiles (Portugal, 1992). Therefore, it became 
important to verify whether C. apion and C. 
alloclada on the Brazilian coast comprised two 
species with a high chemical and reproductive 
similarity, or whether they represented the 
product of phenotypic polymorphism or 
plasticity of one single species. 


The method of choice for the determination of 
specific status of sympatric populations is the 
genetic interpretation of allozyme patterns 
(Thorpe & Solé-Cava, 1994), a complementary 
approach to morphology that has becn used with 
great success to identify cryptic species in 
sponges (Solé-Cava & Thorpe. 1986; Solé-Cava 
et al., 199]a, 1991b; Bavestrello & Sara, 1992; 
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Boury-Esnault et al., 1992; Klautau et al., 1994; 
Muricy ct al., 1996). In this paper we compare 
clectrophoretically sympatric populations of C. 
apion and C, alloclada to verify their specilic 
Status. 


MATERIALS AND METHODS 


COLLECTION, Fifteen samples each of C. 
alloclada and C. apion were collected in June 
1995 from the intertidal zone at Pituba beach. 
Bahia, Brazil (13°27°S, 38°26’W). After 
collection, the presence of buds on cach 
individual was verified, and the specimens were 
transported to the laboratory, where each one was 
immediately divided into two parts: one part was 
lixed in ethanol for morphological analysis, at the 
Federal University of Bahia; and the other was 
stored at—20°C for electrophoresis, in the Federal 
University of Rio de Janeiro. Both parts of cach 
sponge were given the same code, prior to their 
putative identification, and the genetic and 
morphological analyses of the samples were 
performed in different laboratories. The 
electrophoresis laboratory, therefore, did not 
have any information as to the species identity of 
the samples. This blind-analysis helped to 
minimise any possible bias in the interpretation 
of genetic pattcrns, which might be critical given 
the supposed high similarity between the two 
species. 

To verify the consistency of the diagnostic loci 
for discriminating each species, a second 
collection from the same locality was made in 
July 1996, consisting of 33 samples of C. 
alloclada and 66 samples of C. apion. These 
samples were then analysed for 4 of the 11 
diagnostic loci found in the first study. The results 
of the first and second experiments were merged 
for the final analysis. 


ALLOZYME ANALYSES. Horizontal 12.5% 
starch gel electrophoresis was carried out as 
previously described for sponges (Solé-Cava & 
Thorpe, 1986). The buffer systems used were the 
0.25M Tris 0.06M citrate, pH 8.0 (Ward & 
Beardmore, 1977) and the discontinuous 0.03M 
Tris 0.005M citrate, pH 8.5 (gel), 0.30M borate, 
pH 8.1 (buffer tank; Poulik, 1957). 

Twenty enzyme systems were investigated, of 
which ten: acid phosphatase (Acp; E.C.3.1.3.2): 
catalase (Cat, E.C.1.11.1.6); esterases (Est; 
E.C.3.1.1.1); glutamate dehydrogenase (Gdh; 
E.C.1.4.1.4); hexokinase (Hk; E.C.2.7.1.1); 
leucine aminopeptidase (Lap; E.C.3.4.11.1); 
malate dehydrogenase (Mdh, E.C.1.1.1.37); 
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6-phosphogluconate dehydrogenase (Pgd; 
E.C.1.1.1.44); phosphoglucose isomerase (Pgi; 
E.C.5.3.1.9); and superoxide dismutase (Sod; 
E.C.1.15.1.1), gave reproducible results for 19 
loci. The staining of the gels followed standard 
procedures (Manchenko, 1994). 


Genotype frequency data from both species 
were used to estimate gene frequencies, fits to 
Hardy-Weinberg equilibrium, and the unbiased 
gene identity between them (Nei, 1978) using the 
BIOSYS-1 programme (Swofford & Selander, 
1981). 


MORPHOLOGY. The overall morphology of the 
sponge was analysed under a binocular 
microscope, and the presence of porocalices and 
sub-ectosomal cavities (vestibules sensu 
Boury-Esnault & Rützler, 1997) were visualised 
in histological sections of paraflin-embedded 
samples. 

Small pieces of each sponge were boiled in 
nitric acid to obtain clean preparations for spicule 
analysis. A qualitative analysis of mounted 
spicule preparations was made of every 
individual collected. Furthermore, 30 
measurements of length and width of the eight 
types of spicule were made, using a light 
microscope in onc individual of cach putative 
species. Spicular and morphological 
nomenclature follow Boury-Esnault & Riitzler 
(1997). 


RESULTS 


ELECTROPHORESIS. Of the 19 gene loci 
observed, 11 (Acp-2, Acp-4, Cat, Est-2, Est-3, 
Est-5, Gdh, Lap, Mdh-2, Pgd and Sod-1; Table 1) 
unambiguously separated the analysed sponges 
into two groups, which corresponded perfectly 
well with the species separated by the 
morphological analyses. These loci werc, 
therelore, diagnostic of each species (sensu 
Ayala, 1983). 


Levels of heterozygosity (h) within each 
population were high: h=0.13 in C. apion and 
h=0.15 in C. alloclada, as often seen in marine 
sponges (Solé-Cava & Thorpe, 1989, 1991). No 
significant deviations of genotype frequencies 
from Hardy-Weinberg expectations were 
observed at any of the loci studied (P>0.05; 
Fisher's exact test, using a Bonferroni 
transformation for multiple tests; Lessios, 1992). 
The unbiased genetic identity (Nei, 1978) 
observed between the two species was 0.28. 
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| Locus : Allele _| C.alloclada | N _ | C. apion IP N 
| Acp-1 l 1.00 12 | 1.00 15 
Acp-2 | 1.00 12 | 0.00 I5 
L 2 0.00 1.00 
|Acp-3 l 1.00, 12 1.00 15 
Acp-4 1 1.00 12 | 000 | 15 
2 0.00 1.00 
| Car 1 0.00 13 | 029 14 
g 2 0.00 0.46 
nas 0.00 025 | 
Do o 4 1.00 0.00 
Est-1 1 1.00 13 1.00 14 
Erie | 1l 1.00 46 | 000 80. 
—— 2 0.00 | 1.00 i 
Est-3 1 1.00 4o | 000 80 
2 0.00 1.00 
Est-4 zi 0.65 13 | 0.00 14 
| 2 0.00 | 086 | J 
| | 3 0.35 0.14 
Est-5 l 0.77 31 0.00 46 
2 0.23 0.00 
€ 3 0.00 1.00 
Gdh 1 1.00 46 | 0.00 B0 | 
| 2 0.00 1.00 
Hk I 0.00 12 | 0.42 13 
a. 2 | 0.00 ee aa ee 
3 0.25 0.12 i | 
g 4 0.75 0.04 
Lap ı | 1.00 12 Ta 15 
2 | oo 1.00 
Mah-l | 0.25 10 | 0.03 14 
| 2 os 0.04 
3 0.15 0.89 
4 010 0.00 
5 0.00 0.04 
[Mah-2 l 0.50 1 0.00 14 
2 0.50 0.00 
3 | oo 1.00 
Pgd VE 1.00 12 | 0.00 15 
ae: 0.00 | 100 
Pgi l 0.00 i3 | 0.31 13 
[2 0.00 0.04 | 
43 0.46 ee | 
L | 4 0.00 0.04 
| 5 0.54 0.00 
Sod-1 l 0.00 13 | 096 14 
y Ba 1.00 0.00. 
3 0.00 | 0.04 | 
Sod-2 I 1.00 6 | 1.00 6 


TABLE 1. Cinachyrella alloclada and C. apion. Gene 
frequencies at the 19 loci studied. N = number of 
_ individuals analysed. 


MORPHOLOGY. The two species had similar 
overall (round) shape, yellow colour, hispid 
surface and firm consistency, being virtually 
indistinguishable on the field. Both specics had 
porocalices, as is typical of the genus, but 
vestibules were only observed in C. apion. 
Calcareous precipitates were observed in both 
species. The spicular composition of C. apion 
consists of one size class of anatriaenes and 
oxeas, and two size classes of protriaenes, small 
sigmaspires and raphides (Table 2). Conversely, 
the spicular composition of C. alloclada consists 
of two or three size classes of smooth oxeas, one 
size class of protriaenes and anatriaenes, which 
varied in abundance from rare to abundant, and 
sigmaspires (Table 3). The sizes of the sigmaspire 
microscleres of the two species in Brazil were 
clearly not different (both had about the same 
average: 10m), and more like those of C. apion 
from the Caribbean (Table 2). Reproductive buds 
were observed on the surface of most specimens 
of both species. 


DISCUSSION 


The presence of 11 diagnostic loci and the 
consequent very low genetic identity, associated 
with the sympatry of the samples, clearly 
demonstrate that the Brazilian C. apion and C. 
alloclada are reproductively isolated, regardless 
of their chemical similarity. Therefore, they must 
be evolving independently and belong, thus, to 
different biological and phylogenetic species 
(Mayr, 1981; Cracraft, 1987). The genetic 
identity (/=0.28) found between these two 
species is, in fact, as small as that often found 
between species belonging to different genera in 
other invertebrate groups (Thorpe, 1982; 
Knowlton, 1993; Thorpe & Solé-Cava, 1994). 
Similarly, high levels of gene divergence have 
been found for some aster-bearing hadromerid 
gencra and Oscarella (Boury-Esnault et al., 
1992; Sara et al., 1993; Barbieri et al., 1995; 
Boury-Esnault et al., 1999; Solé-Cava & 
Boury-Esnault, 1999, this volume). However, 
further data are necessary before overall 
generalisations can be made about gene 
divergence in sponges, and surely before 
decisions as to the taxonomic rank (above species 
level) can be directly inferred from genetic 


302 


TABLE 2. Spicule micrometry of Cinachyrella apion. 
Measurements are given in micrometers, as 
minimum-mean (standard deviation)-maximum. 
Triaene measurements refer only to the rhabdomes. 30 
spicules were measured for each type, except in the case 
of anatriaenes, which were rare so only 9 spicules were 


measured. (A = absent). 


ee type Present data 1992 


Rützler & Smith, 
92 


Oxeas | length | 2217 - 3797/660) - 5478 


3500 - 4/00 - 4600 


_ diameter _ 21.7 - 65.9(20.9) - 108.7 35-47-45 
| Oxeas 2 length _ A | A 
| diameter A A 
Oxeas 3 length A |i A 
| diameter A A 


Protriaenes 1 length | 1587 - 3907(/045) - 5761 


1800 - 3500 - 8000 


diameter 8.6 - 16.9/5.3)- 25.9 4-53-10 
Protriaenes 2 length | 588 - 1079156) - 1400 | 400 - 1350 - 1800 
diameter 3.6 - 4.3(1.4) - 7.2 1-2.3-4 


Anatriaenes length 


2196 - 2560222) - 2880 | 1800 - 2900 - 3500 


| diameter 10.8 - /2.8(1.9) - 14.4 3-4.6-5 
| Sigmaspires length 3.4- 10 012.6) - 15.5 12-/3.4-16 
+ 
Raphides _ 212 - 238(14) - 259 200 - 244 - 270 


identities (Solé-Cava & Boury-Esnault, 1999, 
this volume). 


Spicule sizcs of the Brazilian specimens of C. 
apion and C. alloclada were similar to those 
described by Rützler & Smith (1992) for 
Caribbean populations. Conversely, samples of 
C. alloclada were very different from those 
described by Mothes de Moraes (1980) (sce 
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Table 3). Sponges from the SE coast of Brazil 
identified as C. allocladaby Mothes de Moraes, 
had much smaller protriaenes and larger 
anatriaenes than those found by us and by other 
authors (Uliczka, 1929; Wiedenmayer, 1974; 
Rützler & Smith, 1992). This difference might 
be judged large enough to warrant the creation 
of a new species. However, it could also be the 
result of phenotypic polymorphism, since 
spicule size can be very variable and dependent 
of cnvironmental conditions (Simpson, 1978; 
Bavestrello et al., 1993; Schrénberg & Barthel, 
1998). Further studies, possibly using genetic 
markers, should be done on Cinachyrella 
samples from the same region studied by 
Mothes-de-Moraes in SE Brazil, to verify their 
specific status. 

The very large genetic divergence (/=0.28) 
observed between C. alloclada and C. apion 
contrasts markedly with their overall chemical 
similarity (Atta et al., 1989; Portugal, 1992; 
Rodriguez et al., 1997). However, this is to be 
expected, since the evolutionary rates of the 
enzymes involved in the housekeeping 
metabolism (like those used on allozyme 
analyses) are not necessarily related to those of 

secondary metabolites. Allozyme 
polymorphisms are genetically based and usually 
neutral, since they involve small changes in areas 
of the protein that do not significantly affect its 
function (Kimura, 1991). For this reason, these 
polymorphisms are expected to evolve at 
constant rates and unlinked to environment 
conditions, which is very important when dealing 


TABLE 3. Spicule micrometry of Cinachvrella alloclada. Mcasurements are given in micrometers, as 
minimum-niean (standard deviation)-maximum. Triaene measurements refer only to the rhabdomes. 30 


spicules were measured for each type. (A = absent). 


Mothes de Moraes, 1980 | 


Spicule type | Present data Rützler & Smith, 1992 
Oxeas | length — | _ 1900- 7932/26) - 2016 1500 - 3500 - 5900 2644 - 4923 - 6256 
„ diameter i | 144- 18.1.9) - 21.6 20-50-65 _17- 38-56 
| Oxeas 2 length | 1144 - 1217/78) - 1440 900 - 1800 - 2800 A 
| diameter 10.8 - 12.8(1.8) - 14.4 | - 13-20 A 
Oxeas 3 length 756 - 837/81) - 1008 100 - 355 - 950 74- 159 - 223 | 
diameter __72-22(0-72 2.5-5.4-8 4-7-9 l 
| Protriaenes | length 1296 - 2/64(423) - 3197 2400 - 4200 - 6500 407 - 437 - 402 
| diameter 3.6 - 4.6/1.6) - 7.2 4- 10.7 -20 3-11-23 
|| Protriaenes 2 length 7 A A i A 
| diameter a = A f A i a AES j 
Anatriaenes length 1051 - 12254102) - 1440 2200 - 3200 - 4000 7259 - 8289 - 9061 i 
diameter 4.0 - 7(2.0) - 14.0 3-83-14 5-9-14 | 
Sigmaspires length | 70-0143-12 10- 14.3-23 10-14-22 | 
| Raphides A A i _A i 
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with problems on taxonomic status of organisms. 
On the other hand, studies with secondary 
metabolites necessarily deal with the products of 
enzyme function, which are much more 
constrained by natural selection and therefore are 
not expected to evolve in a clock-wise manner 
(Nei, 1987), Lecting and secondary metabolites 
are often involved in strong inlerspecies 
interactions, playing a very important role in the 
survival of the species (Kennedy et al, 1995; 
Hirabayashi & Kasai, 1998). Therefore. most of 
the lime they are likely to be under strong 
normalising or directional selection, which are 
highly dependent on environmental conditions. 
This may explain, for example, Why steroids in 
three species of Cinachyrella trom W Africa are 
not overtly different except for small variations 
in their proportions (Barnathan et al., 1992b), and 
the presence of cholest-4-en-3-one steroids, both 
in the Brazilian Craachyrella (Rodriguez, et al., 
1997), and in C. tarentina (Aiello et al.. 1991), A 
high intrageneric similarity has also been 
observed in sterols of the genus Aplysina 
(Kelecom & Kannengiesser, 1979) and in lectin 
composition of Axime/la spp, (Bretting et alu 
1980). Structures or molecules of adaptive 
importance and, hence, under strong normalising 
selection can also present large evolutionary 
shifts due to directional selection. These shifts, 
albeit rare, can generate hamoplasy by 
evolulionary convergence, It is not uncommon, 
for example, to find species from different phyla 
that share a secondary metabolite which is not 
found in other members of the same family or 
order (Tursch et al., 1978). At the species level, 
therefore, secondary metabolites are not 
indicated for phylogenetic studies, since they can 
be evolutionarily too conserved at that level (i.e. 
plesiomorphic) or prone to homoplasy due to 
convergence, At this taxonomie level. thus, the 
use of allozymes or neutral DNA genes is more 
indicated (Hillis et al., 1996). 


The two Brazilian species of Cinachyrella can 
be positively identified as the Caribbean C. apion 
and C. allaclada, based on morphological data. 
However, the use of molecular systematics for 
the study of sponge species has unveiled a large 
amount of hidden biodiversity in the phylum 
{reviewed in Sole-Cava & Thorpe, 1994), 
especially when applied to so-called 
cosmopolitan species and many of those with 
very large and/or disjunct geographical 
distributions. In tact, all allegedly cosmopolitan 
sponge species studied to date by allozyme 
electrophoresis have been shown to consist of 
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clusters of morphologically similar, but 
evolutionarily distinct species, This means that 
levels of endemism in marme sponges may be 
much larger than assumed by taxonomists using 
only morphometne data (Solé-Cavaet al., 199 1a, 
1992; Klautau ct al., 1994; Klautau et al.. in 
press), It would be very Mleresting, therefore, to 
verity whether C. allocluda and C. apion from 
the Bermudas, Senegalese coast (Barmathan et al- 
19924), Bravil (including the samples from Bahia 
studied here), and those from SE Brazil (Mothes 
de Moraes, 1980) are indeed conspecific. 
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